Energetics of the proposed rate-determining step of the glyoxalase I reaction.
The proposed rate-limiting step of the reaction catalyzed by glyoxalase I is the proton abstraction from the C1 carbon atom of the substrate by a glutamate residue, resulting in a high-energy enolate intermediate. This proton transfer reaction was modelled using molecular dynamics and free energy perturbation simulations, with the empirical valence bond method describing the potential energy surface of the system. The calculated rate constant for the reaction is approximately 300-1500 s(-1) with Zn2+, Mg2+ or Ca2+ bound to the active site, which agrees well with observed kinetics of the enzyme. Furthermore, the results imply that the origin of the catalytic rate enhancement is mainly associated with enolate stabilization by the metal ion.